The shift of the frequency band assigned for automotive radars from 24 GHz to 79 GHz led to an increased research in the area of design of radars that operate at the new band from 76 to 81 GHz. The antenna plays a key role in the operation of a radar sensor. Designing an antenna that provides high directivity and low side lobe level and at the same time to be small in size and of low manufacturing cost in mass production is a challenging task for researchers. In this work, investigations on Tapered Slot Antenna (TSA) arrays operating at 79 GHz suitable to meet automotive radars demands were carried out. A Fermi-Dirac based TSA was studied parametrically and optimized with the aid of CST microwave studio. The optimized design was fabricated along with its attached feeding structures and shielded housing to suppress unwanted feed radiation. The measurement of reflection coefficient indicated wideband behavior (< -10dB) extending nearly over the whole E-band. Despite its small size (3.75 by 7.5 mm) the antenna showed fairly high gain ( ≈10 dB). A 4 -element E-plane array was built and a parallel feeding network was optimized to feed the array elements with equal amplitudes and phases. The array was fabricated and measured showing a gain of 13.8 dB and a side lobe level of 14 dB indicating that it is attractive candidate for employment in automotive radar sensors, especially when the number of the array elements is increased.
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Abstract:
The shift of the frequency band assigned for automotive radars from 24 GHz to 79 GHz led to an increased research in the area of design of radars that operate at the new band from 76 to 81 GHz. The antenna plays a key role in the operation of a radar sensor. Designing an antenna that provides high directivity and low side lobe level and at the same time to be small in size and of low manufacturing cost in mass production is a challenging task for researchers. In this work, investigations on Tapered Slot Antenna (TSA) arrays operating at 79 GHz suitable to meet automotive radars demands were carried out. A Fermi-Dirac based TSA was studied parametrically and optimized with the aid of CST microwave studio. The optimized design was fabricated along with its attached feeding structures and shielded housing to suppress unwanted feed radiation. The measurement of reflection coefficient indicated wideband behavior (< -10dB) extending nearly over the whole E-band. Despite its small size (3.75 by 7.5 mm) the antenna showed fairly high gain ( ≈10 dB). A 4 -element E-plane array was built and a parallel feeding network was optimized to feed the array elements with equal amplitudes and phases. The array was fabricated and measured showing a gain of 13.8 dB and a side lobe level of 14 dB indicating that it is attractive candidate for employment in automotive radar sensors, especially when the number of the array elements is increased. 
Introduction:
In 2005, the commission of European community allocated the frequency range from 21.65 to 26.65 GHz for Ultra-Wide Band (UWB) Short Range Radar (SRR). Due to the overlap of this band with existing systems such as the unlicensed ISM (Industrial, Scientific and Medical) band, the frequency regulation for UWB SRR was redefined [4] . The marketing of the 24GHz radar systems shall be stopped by June 2013. Automotive radars shall then operate at a new allocated frequency of 79 GHz with a bandwidth range from 77 to 81GHz [1] [2] [3] [4] .
Tapered slot antennas (TSAs) are planar antennas which can be fabricated through standard printed circuit board process. This effectively reduces production cost and makes them suitable for mass production. Also, they can be easily integrated with other active planar circuits. They are known to provide intermediate to high directionality and easy integration in antenna arrays. All these features make them attractive candidates for implementation in radar sensors.
(TSAs) are derived from an ordinary slot line by continuously widening the slot along the line length in a smooth manner. The slot line is operated in its fundamental mode, namely the slot mode. As TSAs are operated in traveling wave modes, they produce end-fire radiation pattern with linear polarization parallel to the plane of the substrate. The E-plane of the antenna is parallel to the substrate while the H-plane is orthogonal to it [5, 6] .
In this work the Fermi function based taper profile is studied. Taper 
(I) The Fermi Taper:
The Fermi taper is based on the Fermi-Dirac distribution function. Its basic form is given by:
Where,
This design was reported by Sugawara et. al. [7] to have more symmetrical beams and lower side lobes than exponentially tapered slot antennas. It can be viewed as an improvement over the Vivaldi antenna introduced by Gibson in [8] . As seen in equations 1, 2, the Fermi function employs an exponential term within its definition. The dimension of the optimized design is given table (1) and is schematically presented in figure (1) . Both outer edges of the metallization were corrugated to allow further reduction in size and suppress the backward creeping wave [9] [10] [11] [12] .The corrugation parameters are p , d and  (slot width to pitch ratio), as shown in Figure ( The feeding structure, as seen in figures 3,4, is done via a WR12 waveguide by using a transition from the waveguide to differential microstrip line (DMSL) followed by another transition from DMSL to slotline. Details about the transition design can be found in [13] . A shielded housing is used to accommodate both to minimize any feed radiation. A photo for the fabricated Fermi antenna is shown Figure ( The E and H plane radiation patterns were measured at 79 GHz and are graphically represented together with the predicted simulated patterns in figure (7). The measured gain is 9.5 dB while the simulated one is 11 dB. The decrease in measured gain is due to increase of the value of substrate tangent loss at 79 GHz than the value given by the supplier at 10 GHz which was used when modeling for the simulation. The simulated and measured return loss of the array is shown in Figure (10 ). The measured return loss is observed to have the same profile as the simulated one but is shifted in frequency by approximately 1GHz towards higher frequencies. This shift might be due to inaccurate modeling of the dielectric dispersion of the substrate in the simulation. The antenna is matched satisfactorily at 79GHz with nearly 11 dB return loss. 
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The simulated and measured E-plane normalized patterns are shown in Figure (11) . The main beam is nearly the same for both. An asymmetry is observed in the measured pattern where the left side lobe is diminished by approximately 6 dB. Also the right side lobe has a higher magnitude than predicted in the simulation. This asymmetry might be caused by an unbalance in power distribution between the elements or by an asymmetry in the configuration.
Simulated and measured E-plane pattern for the Fermi antenna array at 79GHz.The H-plane is depicted in Figure (12 ). The measured pattern shows a strong deviation in the main beam compared to the simulations. This might be due to the approximate model of the shielding used in the simulation. Nevertheless, the positions of nulls are predicted accurately by the simulations.
The measured gain is approximately 13.8 dB this is about 2.5 dB below the expected gain from the simulation. This might be due to the increased substrate loss at 79GHz. Also, a possible source of loss that is not accounted for is the surface roughness of the microstrip. This loss mechanism is more effective at 79GHz than at low frequencies.
(IV) Conclusion:
To examine the capabilities of TSAs as array elements in automotive radar antennas, the Fermi antenna was integrated in a 4 element E-plane array. A parallel feeding network was designed to feed the array elements with equal amplitudes and phases. The array was fabricated and measured and satisfactory agreement with simulated results was obtained. The array design presented showed good performance in terms of gain, side lobe level and matching indicating that it is attractive candidate for employment in automotive radar sensors, especially when the number of the array elements is increased. The use of the shielding caused appreciable distortion in the radiated beams even when covered with absorbing material. The proposed designs had a comparable E-and H-plane beamwidth.
As a step forward, TSAs could be combined with a lens in order to focus and narrow the Hplane beam and increase the gain of the antenna. Also, antipodal versions of the designs presented in this work could be investigated. Especially the possibility of integrating them with a substrate integrated waveguide feed. This would eliminate any radiation from the feed and consequently the need of any shielding. .
